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SCIENCE
Geological map of Tuscany (Italy)
Luigi Carmignani, Paolo Conti∗, Gianluca Cornamusini and Altair Pirro
Center for GeoTechnologies and Department of Environment, Earth and Physical Sciences, University of
Siena, Siena, Italy
(Received 22 November 2012; Resubmitted 3 June 2013; Accepted 25 June 2013)
The main map covers the territory of the Tuscany Region, in Central Italy and shows the main
stratigraphic and tectonic features of the internal part of the Northern Apennines. This is
characterized by nappe superposition well exposed in the Apennine chain (in the eastern part of
the map), as well the effects of post-nappe extensional tectonics, originating in Miocene-Pliocene
and younger basins bordered by metamorphic core complexes, covering most of the central and
southern part of the Region. The map is at 1:300,000 scale and is based on 1:10,000 field mapping.
Keywords: geology; stratigraphy; tectonics; Northern Apennines; Tuscany; Italy
1. Introduction
In 2002 the Geological Survey of the Tuscany Region (Florence, Italy), started a project aimed at
mapping the whole Region at 1:10,000 scale. The area is about 23,000 km2 and consists of 735 map
sheets at 1:10,000 scale. For field work, mapping, map compilation and digital delivery (geodata-
bases), maps were produced at three universities in Tuscany (Florence, Pisa and Siena) and the
C.N.R. (Consiglio Nazionale delle Ricerche). Many researchers were involved in the project
over a five-year period. The Geological Survey of the Tuscany Region faced problems with consist-
ency due to the lack of a common geological legend and coordination during field work. If the areas
mapped by different geologists are compared, often: (a) different formation names were used for the
same stratigraphic unit; (b) the same formation name was used for different lithostratigraphic units;
(c) different interpretations of the regional significance of the main tectonic features (overthrusts vs.
low-angle normal faults); (d) different extent of mapped Quaternary deposits (e.g. adjacent maps
with the same rock types, differing extents of landslides and Quaternary cover).
In 2008 the Geological Survey of the Tuscany Region charged the Center for Geotechnologies
of the University of Siena to compile a new version of the 1:10,000 scale maps for the entire
Region, updating the maps produced during the 2002–2007 project, with further field work.
According to the specifications of the new project, the 1:10,000 maps must have: (a) a single geo-
logical legend; (b) no mismatch at map borders, in terms of both geological formation names or
tectonic contacts; (c) homogeneous distribution of Quaternary cover and landslides; (d) a fully
digitized format and be freely available as PDF file or viewed with Web-GIS services.
This work was completed in 2011. The presented Geological Map of Tuscany at 1:300,000
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scale is one of the products of the project (see Main Map for this paper: Carmignani L., Conti P.
and Cornamusini G., Geological Map of Tuscany, Italy, 1:300.000 scale).
2. Geological overview
The Northern Apennine is a fold-thrust belt built during the Tertiary by the collision between the
Apulia (or Adria) microplate related to the African plate, and the Brianc¸onnais microplate (Sar-
dinia-Corsica block), related to the European plate (Figure 1). The following provides a short
overview of the geology of the area; for more information and extensive literature the following
papers are of interest: Boccaletti, Gianelli, and Sani (1997), Jolivet et al. (1998), Sani, Moratti,
and Bonini (1998), Carmignani, Decandia et al. (2001), Finetti et al. (2001), Carmignani et al.
(2004), Rossetti, Faccenna, Jolivet, Goffe´, and Funiciello (2002), Cerrina Feroni, Ottria, and
Ellero (2004), Molli (2008) and Argnani (2009). An overview of the main geodynamic and tec-
tonic events in the Northern Apennines area is shown in Figure 2.
In Tuscany there is complete outcropping of the nappe stack of the Northern Apennines. From
the bottom the following are exposed: the TuscanMetamorphic Units, the Tuscan Nappe, the Sub-
ligurian Units, The Ligurian Units, the Epiligurian Succession, the post-orogenic sedimentary
succession starting from Middle Miocene to Quaternary. All these tectonic units are derived
from the Apulia continental margin and the Tethys oceanic realm (see Figure 3) and were
emplaced during Tertiary subduction and continental collision.
The oceanic realm is named in the Italian geologic literature as ‘Ligurian Domain’, and is part
of the Alpine Tethys (Bortolotti, Principi, & Treves, 2001; Elter, 1975; Elter, Elter, Sturani, &
Weidmann, 1966; Elter & Pertusati, 1973; Marroni, Molli, Ottria, & Pandolfi, 2001). It is further-
more subdivided:
(1) Internal Ligurian Domain, characterized by Jurassic ophiolites and their Late Jurassic-
Cretaceous sedimentary cover (cherts, Calpionella limestone and Palombini shales)
associated with a Cretaceous-Paleocene siliciclastic turbidite sequence (Lavagna
shales, Gottero sandstones and Bocco/Colli-Tavarone shaly complex).
Figure 1. Plate reconstruction for the western Mediterranean area, after Stampfli et al. (1998), Stampfli,
Borel, Cavazza, Mosar, & Ziegler (2001), from Carmignani, Conti, Cornamusini, and Meccheri (2004)
modified. Slightly different plate reconstruction is proposed also by Handy, Schmid, Bousquet, Kissling,
and Bernoulli (2010) and Turco, Macchiavelli, Mazzoli, Schettino, and Pierantoni (2012). A-A′ in (a) is
the trace of reconstruction in Figure 3.
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Figure 2. Main geodynamic events in the Northern Apennines; after Carmignani et al. (2001), modified.
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(2) External Ligurian Domain, characterized by Cretaceous-Paleocene calcareous-dominant
flysch sequences (Helminthoid flysch) associated with complexes or pre-flysch for-
mations reported in the literature as ‘basal complexes’. The pre-Cretaceous substrate is
represented in part by ophiolites and in part by continental crust (Marroni et al., 2001),
therefore it is a domain that joined the oceanic area to the Apulia continental margin
(Figure 3).
Moving toward the African continent, the Subligurian Domain can be identified (Figure 3).
This is a Paleogene shales and limestones sequence (Canetolo Unit), intensely deformed,
whose original extent and substratum are unknown. This sequence was probably deposited in a
transitional area between the oceanic and the Apulia continental crust.
The continental Tuscan Domain represents the western margin of the Apulia microplate, now
outcropping in the Northern Apennines (Figure 3). An Hercynian continental basement is pre-
served, with its Triassic-Lower Miocene sedimentary cover. Rocks from this domain are
exposed in different thrust sheets, with different internal deformation and metamorphism. In
the geological literature it is still a matter of discussion as to the paleogeographic position of
two tectonic units within the Tuscan Domain: the Pseudoverrucano and the Cervarola Unit.
The Pseudoverrucano Unit shows an ‘anomalous’ stratigraphic succession (Aldinucci,
Gandin, & Sandrelli, 2008; Campetti et al., 1999; Gandin, 2012; Montomoli, Carosi, & Pertusati,
2009), with significant gaps in the geological record, notably during the Triassic and Liassic,
caused by erosion or non deposition (hiatus): this could be related to syn-sedimentary tectonic
activity linked with opening of nearby oceanic basins. In our view (see also in Baldetti, Corna-
musini, & Conti, 2011; Conti, Cornamusini, Uccelletti, & Baldetti, 2010) the Pseudoverrucano
Unit is therefore the more internal unit of the Tuscan Domain (i.e. next to the Subligurian
Domain).
The Cervarola Unit mainly consists of a sandstone flysch succession of Chattian-Langhian
age. Different interpretations concern the relationships with underlying and nearby flysch succes-
sions: (a) some (Chicchi & Plesi, 1991) favor a stratigraphic relationship with the upper Modino
sub-units of the Tuscan Nappe (i.e. postulating a Modino-Cervarola unit); (b) some assert the
independent tectonic position of the Cervarola Unit with respect to the Tuscan Nappe also
Figure 3. Palinspastic reconstruction of the western continental margin of Apulia, Tethys ocean and adjoin-
ing European margin during the late Jurassic (after Bernoulli, 2001; Hoogerdujin Strating, 1990; Marroni,
Molli, Montanini, & Tribuzio, 1998; Peyberne`s, Durand-Delga, & Cugny, 2001; Rossi, Cocherie, Lahon-
de`re, & Fanning, 2002, modified). SW and NE are referred to present day coordinates; this reconstruction
is approximately indicated as A-A′ section in Figure 1a.
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including the Modino Unit (Abbate & Bruni, 1987). We support this latter interpretation and the
Cervarola Unit which is in our view the main outermost tectonic unit of the Tuscan Domain,
paleogeographically located toward the Umbrian Domain.
The Umbro-Marchean Domain outcrops only in easternmost Tuscany, but more extensively
in the Central Apennines, outside of the mapped area.
The domains described are involved in the Tertiary tectonic evolution of the Northern Apen-
nines. They are covered by post-orogenic Neogene-Quaternary deposits (‘neoautochthon’ in the
Italian geologic literature: Bossio et al., 1998), only slightly deformed and with regional uncon-
formities. These deposits are very important as they permit us to unravel the post-collisional evol-
ution of the area (Bonciani, Callegari, Conti, Cornamusini, & Carmignani, 2005; Brogi & Liotta,
2008; Cornamusini et al., 2011). A more detailed description of tectonic units and ‘neoautoch-
thon’ successions outcropping in Tuscany is reported in the ‘Map Legend’ section.
Convergence of the Brianc¸onnais microplate with the Apulia continental margin (Figure 1b,
Figure 4) led first to oceanic subduction and related HP metamorphism, then during the Late Oli-
gocene-Early Miocene a top-eastward tectonic transport and nappe emplacement, with: (a) defor-
mation and emplacement of the ocean-derived Ligurian and Sub-ligurian units onto the Tuscan
Domain; (b) emplacement of the more internal part of the Tuscan Domain (Tuscan Nappe)
onto the external Tuscan Domain, which underwent greenschists facies metamorphism and iso-
clinal folding (Carmignani & Kligfield, 1990).
The end of the convergence between the European and the Apulia continental margins caused
the end of regional scale compressional events in the Northern Apennines. Starting from the Early
Miocene (Burdigalian), due to slab retreat, the Apennine compressional front migrated eastward,
so the tectonic regime progressively changed from compressional to extensional: the earlier
Apennine orogenic wedge was therefore affected by widespread exhumation and extensional tec-
tonics, and Neogene rift basins formed (Carmignani et al., 1995; Jolivet et al., 1998). Extension
was also accompanied by widespread Late Miocene-Quaternary magmatism deriving from
mixing of crustal and mantle sources.
3. The map legend
The map (see Main Map) reports metamorphic, sedimentary and magmatic units cropping out in
Tuscany, grouped in palaeogeographic domains and in the main tectonic units. They are illus-
trated here, starting from the structurally deepest and outermost units, for each palaeogeographic
domain. The relative position of each tectonic unit is schematically illustrated in Figure 4.
Figure 4. Schematic cross section of the Northern Apennines in the Aquitanian time.
Journal of Maps 491
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(1) Umbro-Marchean Domain: The units of this domain are the outermost of the orogenic
wedge, and crop out extensively in the Central Apennines, outside of the map area. They
lie below the Tuscan units, are less deformed and non-metamorphic; in the Tuscany area
they consist mainly of siliciclastic turbidites and hemipelagic marls, spanning from late
Burdigalian to early Messinian.
(2) Tuscan Domain: This domain represents the continental margin of the Apulia micro-
plate. The respective tectonic units are both metamorphic and non-metamorphic.
(a) Cervarola Unit: An Apulia-derived unit belonging to the Tuscan Domain, consist-
ing of siliciclastic turbidite and hemipelagic deposits, deposited during shortening of
the Tertiary orogenic wedge. Its age is Chattian to Langhian.
(b) Tuscan Metamorphic Unit: Tectonic unit derived from severe deformation and
metamorphism of part of the Apulia microplate. It is exposed in core complexes
and small outcrops in northern and southern Tuscany. They consist of an Hercynian
basement (Cambrian? to Devonian), a meta-siliciclastic post-Hercynian succession
(late Visean-Permian), a meta-siliciclastic-carbonate Group (middle-late Triassic)
and an upper carbonate-siliciclastic succession (late Triassic -? earliest Miocene).
(c) Tuscan Nappe: Tectonic unit derived from the Apulia microplate. It is non-or only
slightly metamorphosed; internal thrusting and large-scale folds are only locally
developed. The age of its deposits (dolostones, limestones, shales and turbiditic sand-
stones) span from the late Triassic to the earliest Miocene.
(d) Pseudoverrucano Unit: A tectonic unit cropping out in southwestern Tuscany only,
whose original paleogeographic domain, internal stratigraphy and evolution is still a
matter of debate. We favor the interpretation that it originated from the innermost
portion of the Tuscan Domain. It is composed of a great variety of lithologies, Trias-
sic to Eocene in age.
(3) Subligurian Domain: It represents a transitional domain, between the continental Apulia
microplate and the oceanic Ligurian Basin.
(a) Canetolo, Aveto, Coli-Marra Units: These units crop out mainly in northern
Tuscany, even if scattered outcrops also occur in the southern part of the Region.
They consist of shales, limestones and volcanic-bearing turbidite sandstones and
conglomerates, Paleocene to Oligocene in age.
(4) Ligurian Domain: The Ligurian Domain is referred to the Ligurian-Piedmont Oceanic
Basin and it is subdivided in internal and external subdomains, the latter close to the
Subligurian Domain.
(a) Morello, Santa Fiora, Cassio Units: Derived from the External Ligurian Domain,
and composed of ophiolitic breccias, pelagic limestones and shales, turbidite calcar-
enites, marlstones and marly limestones, Cretaceous to Middle Eocene in age.
(b) Helmintoides flysch, Ottone, Caio Units: Derived from the External Ligurian
Domain, they consist mainly of classical Helmintoides calcareous flysch deposits,
containing ophiolitic breccias and huge ophiolitic olistostromes. These deposits
date to the Cretaceous-Middle Eocene interval.
(c) Gottero, Leo, Monghidoro Units: Derived from the Internal Ligurian Domain, con-
taining ophiolitic terms of oceanic crust, as serpentinites, gabbros and basalts, and the
respective sedimentary cover, as ophiolitic breccias, cherts, limestones, shales and
turbiditic siliciclastic sandstones. The age of the whole successions spans from the
middle Jurassic to the Paleocene.
(5) Units affected by high-pressure metamorphism: Rocks affected by HP metamorphism,
deformed during Tertiary convergence and subduction, before collisional phases of the
Apennine orogen, now exposed in small outcrops in the Tuscan Archipelago and in
492 L. Carmignani et al.
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Southern Tuscany. The paleogeographic origin for these rocks is difficult to identify, but
ocean-derived rocks (cherts, ophiolites, etc.) are present, together with rocks showing
Tuscan affinity (marbles, dolomites, etc.). The former are derived from deformation of
the Ligurian-Piedmont oceanic crust at great depths, whereas the latter are derived
from the continental margin of the Apulia microplate.
(6) Apenninic Epiligurian Succession: Sedimentary succession that non-conformably covers
only the Ligurian Units. It crops out only in the easternmost part of the area and deposited
within thrust-top basins. It translated toward the North-East during Tertiary deformation
together with allochthonous tectonic units. The deposits are mainly limestones, breccia
and sandstones of a shallow marine environment of Oligocene to late Serravallian age.
(7) Early-Middle Miocene Marine Deposits: Shallow-marine sedimentary rocks lying
unconformably above the orogenic nappe stack with scattered outcropping in western
and southern Tuscany. Their geodynamic significance is still debated. In the literature
they are considered as ‘epiligurian’ collisional (Martini, Cascella, & Rau, 1995) or alter-
natively as the earliest post-collisional deposits settled in extensional basins (Brogi &
Liotta, 2008; Cornamusini et al., 2011). Their age is middle Burdigalian-early Tortonian.
The followingdeposits and successions are referred to the so-called ‘post-collisionalNeoautochtho-
nous phase’ (Bossio et al., 1998), relative to the unconformable sedimentation on the orogenic wedge.
The deposits are settled in extensional basins related to the opening of the North Tyrrhenian basin.
(8) Early Turolian Lacustrine Deposits: They consist of continental conglomerates, sand-
stones, siltstones, clays and marls containing Ligurian olistostromes, referable to the first
phases of postcollisional sedimentation (late Tortonian-Early Messinian).
(9) Pre-Evaporitic Messinian Marine Deposits: Clays, sandstones, conglomerates and
bioclastic limestones, referable to a lagoonal-shallow marine environment (early
Messinian).
(10) Evaporitic and Post-Evaporitic Messinian Lacustrine and Lagoonal Deposits: They
consist of conglomerates, sandstones, clays, breccias, limestones and gypsum, sedimen-
ted in a lacustrine to lagoonal environment. These deposits mark the Messinian Mediter-
ranean evaporitic phase and the so-called ‘Lac-Mer’ phase, characterizing the late
Messinian.
(11) Pliocene-Pleistocene Marine Deposits: These deposits mark the Pliocene-Pleistocene
transgressive-regressive cycles, formed by shallow marine fossiliferous clays, sand-
stones, conglomerates and bioclastic limestones. They infill typical graben-type basins.
(12) Neogene and Quaternary Magmatic Rocks: Intrusive and effusive volcanic rocks,
outcropping mostly in the Tuscan Archipelago and in Southern Tuscany (Latera-
Bolsena volcanic complex). Contact metamorphism effects are not reported. These
Figure 5. Geological cross section across Tuscany. See trace location in the Tectonic Map at the bottom of
the Geological Map (see Main Map).
Journal of Maps 493
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rocks are related with the opening and spreading of the Northern Tyrrhenian Sea
backarc basin, during the late Miocene to Pleistocene time interval.
(13) Pliocene-Quaternary Continental and Coastal Deposits: Deposits of the Villafran-
chian basins, travertines and recent deposits of the main alluvial and coastal plains.
The most representative lithologies are conglomerates, sands, silts, clays, limestones
and travertines. These deposits comprise also the infrequent Ruscinian continental
deposits, locally separating the Pliocene marine deposits into two cycles.
The map legend (see Main Map) is simplified with respect to the 1:10,000 geological map legend
and we introduced the following simplifications: all the lithostratigraphic units of the Umbro-
Marchean Domain are grouped together as they have limited extension in Tuscany; all the Paleo-
zoic metamorphic formations are grouped together; in the Tuscan Domain all formations of the
Triassic carbonate succession are grouped together, in the Tuscan Domain all the (hemi)-
pelagic pre-flysch formations are grouped together. To sum up, we grouped together lithostrati-
graphic units that show stratigraphic similarity and deposited in the same stratigraphic and geo-
dynamic setting.
4. Conclusions
This map (see Main Map) shows the main stratigraphic and tectonic features of Tuscany Region,
Italy. At the map scale the main extensional Neogene basins are highlighted, as the core com-
plexes where greenschist facies metamorphic rocks outcrop. The stack of tectonic units of the
Northern Apennines orogen are also visible. Although some large-scale maps of the Italian North-
ern Apennines have been published (Boccaletti & Coli, 1982; Cerrina Feroni, Ottria, Martinelli, &
Martelli, 2002; Giannini & Lazzarotto, 1975), the current map is derived from new detailed field
work at a 1:10,000 scale carried out for the entire Region. The many new details, and the effort to
produce a modern geological legend and a map valid for the entire Region is of significance and
importance for the whole Central Mediterranean area.
Software
The map was produced in several steps. First all the 1:10,000 maps were assembled in GIS
environment using ESRI ArcMap. This allowed simplification of the geological legends, corre-
lation between lithostratigraphic units, grouping of formations. Final editing and PDF production
was made using Adobe Illustrator CS3.
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